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(54) Compensating interference 
voltages in the electrode circuit 
in magnetic-conductive flow 
measurement 

(57) An arrangement for magnetic- 



inductive flow measurement of an elec- 
trically conductive liquid in a conduit 1 
includes means 2 for generating a 
periodically reversed magnetic field 
passing through the conduit perpendi- 
cularly to the flow direction. The vol- 
tage between electrodes 3 f 4 in the 
conduit is applied through amplifier 9 to 
two sample and hold circuits 10, 11 
controlled by a circuit 6 so as to sample 
the amplifier output voltage for equal 
magnetic field values of opposite sign 
and store the sampling values until the 
next sampling. A circuit 1 2 forms the 
difference of the stored values. In a 
control loop between output and input 
of the amplifier 9 a storing control 
circuit 14, 15 forms, in predetermined 
compensation intervals, a compensa- 
tion voltage regulating the amplifier 
output voltage to zero. The method 
resides in that each compensation inter- 
val lies within the same portion of the 
magnetic field cycle in which also the 
preceding sampling interval lies. 
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SPECIFICATION 

A method and apparatus of compensating the Interference D.C. voltages in the electrode circuit In 
magnetic-conductive flow measurement ^ 

5 The invention relates to a method of compensating the interference DC voltages in the electrode circuit in 
magnetic-conductive flow measurement with periodically reversed DC magnetic field in which the useful 
signal is obtained by sampling and storing the signal voltage after each reversal of the magnetic field at 
opposite polarity values of said magnetic field during a sampling time interval and forming the difference of 

10 the stored sampled values and wherein in a compensating time interval following each sampling time 10 
interval a compensation voltage is produced by sampling and storing the signal voltage, which 
compensation voltage is superimposed oppositely on the signal voltage for compensating the signal voltage 
within the compensation time interval to the value zero and is retained until the next compensation time 
interval, and to an arrangement for carrying out the method. 

15 A method of this type is known from U.S. Patent 4,210,022. The difference of the sampling values obtained 15 
with opposite polarity values of the magnetic field gives a useful signal which is freed from constant 
interference DC voltages which as is known in the magnetic-inductive flow measurement can be as much as 
a thousand times greater than the useful signal. By the formation and superimposing of the compensation 
voltage additionally also linear time variations of the interference DC voltages between the successive 

20 sampling time intervals are compensated and above all it is prevented that the amplifiers and subtraction 20 
circuits used to process the signal voltages are overdriven due to the interference DC voltages building up 
slowly to a very high value. . 

In this known method each compensation time interval lies in a magnetic field pause which is inserted in 
each case between two successive partial periods in which the magnetic field assumes its oppositely poled 

25 value. The signal voltage sampled to form the compensation voltage is thus the pure interference voltage. 25 
The magnetic field must therefore be periodically switched between three values and the magnetic field 
pauses and the compensation time intervals contained therein cannot be utilised for observing the flow. 

In similar manner, in a method known from U.S. Patent 4.01 0.644 a compensation of time variations of the 
interference DC voltages is carried out by forming a compensation voltage which is oppositely 

30 superimposed on the signal voltage. In this known method the maagnetic field is switched to and fro 30 
between two different values, one of which may be zero. In this case in each partial period in which the 
magnetic field has the smaller value (or the value zero) two compensation time intervals tie at the start and 
the end of the partial period respectively, and between said two compensation time intervals there is a 
sampling time interval in which only the interference DC voltage change which has taken place since the last 

35 compensation is sampled and stored. On the other hand, in the other partial period no compensation takes 35 
place but only a sampling and storing of the compensated signal voltage which is equal to the sum of the 
useful signal and inteference DC voltage change. This method is asymmetrical in time and the stored 
sampling values whose difference is formed have different orders of magnitude. 
The problem underlying the invention is the provision of a method of compensating interference DC 

40 voltages in the magnetic-conductive flow measurement which permits the maximum possible utilization of 40 
the available time for observing the flow and gives a large useful signal with respect to the power 
expenditure; the stored sample values subjected to the difference formation being of the same order of 

m Srd1ng to the invention this is achieved in that each compensation time interval lies within the time 
45 interval, corresponding to the switched-on magnetic field, in which also the preceding sampling time 45 

interval lies. . . . , 

With the method according to the invention in completely regular manner in each partial period 
corresponding to the one or the other value of the magnetic field firstly a sampling and storing of the 
compensated signal voltage takes place and thereafter a compensation of the signal voltage to the value 
50 zero. Thus, the compensation voltage also includes the useful signal at the compensation instant. Since this 50 
compensation voltage in the sampling time interval of the following partial period remains superimposed on 
the signal voltage then obtaining, in each sampling time interval to form the stored sampling value a voltage 
is sampled which contains the sum of the useful signals in a compensation time interval and in the following 
sample time interval. In this manner the compensation time interval is also used for obtaining the measured 
' 55 value signal and observing the flow. The stored sampling vaues whose difference is formed are of the same 55 
order of magnitude. This method is particularly suitable when the magnetic field is switched to and fro 
without pauses between two oppositely poled values so that no magnetic field intervals are lost for the 

° b ^dvantage^ development of the method of the invention resides in that at the start of each 

60 sampling time interval for a short time an instantaneous value sampling and storing of the signal voltage 60 

takes place without integration and the sampled signal voltage is applied to an integrating storage member 

in the remaining part ofthe sampling time interval. ., flnu(/ , ha nno C 
This further development substantially shortens the response time so that even very rapid flow changes 

are immediately detected and indicated. fiK 
65 A particular advantage of the method according to the invention resides in that by the nature ofthe signal 65 
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formation the influence of an interference AC voltage superimposed on the useful signal can also be 
obviated without a defined relationship having to exist between the duration of the sampling time interval 
and the period of the interference AC voltage. 
A preferred arrangement for carrying out this further development of the method for the inductive flow 
5 measurement of an electrically conductive liquid flowing in a conduit, comprising a magnetic field generator 5 
which generates a periodically reversed magnetic field passing throdgh the conduit pependicularly to the 
flow direction, two electrodes which are disposed in the conduit and are connected to the inputs of a 
measuring amplifier, sample and hold circuits which are connected to the output of the measuring amplifier 
and controlled by a control means in such a manner that they sample the output voltage of the measuring 
1 0 amplifier for equal induction values of opposite sign and store the sampling values until the next sampling, a 10 
circuit forforming the difference of the stored sampling values and a storing control circuit which is disposed 
in a closed loop between the output and the input of the measuring amplifier and which in each 
compensation time interval is connected to the ouptut of the measuring amplifier, forms a compensation 
voltage value regulating the output voltage of the measuring amplifier to the value zero and maintains said 
15 compensation voltage value until the next compensation time interval, is characterized according to the 15 
invention in that each sample and hold circuit includes an integrating RC member to which the signal voltage 
is applied via a switch closed for the duration of the associated sampling time intervals, and that there is 
connected in parallel with the resistor of each RC member a switch which is briefly closed at the start of each 
of the associated sampling time intervals. 
20 Further features and advantages of the invention will be apparent from the following description of an 20 
example of embodiment with the aid of the drawings, wherein: 
Figure 1 shows the block diagram of an arrangement for carrying out the method, 
Figure 2 shows time diagram of signals which occur at various points of the arrangement of Figure 1 , 
Figure 3 shows further time diagrams of signals for explaining the mode of operation of the arrangements 
25 of Figures 1 and 4, 25 
Figure 4 shows a modified embodiment of the arrangement of Rgure 1 , 

Figure 5 shows time diagrams for explaining the mode of operation of the arrangement of Figure 4 in the 
presence of an interference AC voltage and 

Figure 6 shows time diagrams for explaining a further modification of the method according to the 
30 invention. 30 

Figure 1 shows diagramrnatically an internally insulated tube 1 through which an electrically conductive 
fluid flows perpendicularly to the plane of the drawing. A magnetic field coil 2, which for reasons of 
symmetry is divided into equal halves disposed on either side of the tube 1, produces in the tube a magnetic 
field H directed perpendicularly to the tube axis. In the interior of the tube 1 two electrodes 3 and 4 are 
35 disposed from which an induced voltage can be tapped which is proportional to the mean flow rate of the 35 
electrically conductive fluid through the magnetic field. A coil control circuit 5 controls the current flowing 
through the magnetic field coil 2 in dependence upon a control signal which is furnished by the output 6a of 
a control circuit 6 and applied to the control input 5a. 

The electrodes 3 and 4 are connected to the two inputs of a differential amplifier 7. The differential 
40 amplifier 7 has such a small gain that even with high interference voltages (in the typical case ± 1 V) it cannot 40 
overshoot. 

The output of the differential amplifier 7 is connected to an input of a summation circuit 8 to the output of 
which the input of an amplifier 9 having a gain v is connected. 
Connected in parallel to the output of the amplifier 9 are two sample and hold circuits 10 and 1 1. For 

45 simplification it is indicated that the sample and hold circuit 1 0 comprises a switch S1 which is actuated by a 45 
control signal furnished by the output 6b of the control circuit 6. When the switch S1 is closed it connects a 
storage capacitor C1 lying in series with a resistor R1 to the output of the amplifier 9 so that the storage 
capacitor C1 is charged to a voltage which depends on the output voltage of the amplifier 9. The circuit 
elements R1, C1 form together an integrating member which integrates the outputvoltage of the amplifier 9 

50 during the closing time of the switch S1 . When the switch S1 is opened the sampling value stored on the 50 
capacitor C1 is available until the next closing of the switch S1 at the output of the sample and hold circuit 10. 
To prevent the capacitor CI being able to discharge after opening of the switch S1 an impedance transformer 
may follow the output of the circuit 10 in the usual manner; for simplification said impedance transfer is not 
illustrated in the drawings. 

55 In the same manner the sample and hold circuit 1 1 includes a switch S2 which is closed by a control signal 55 
furnished by the output 6c of the control circuit 6 and a storage capacitor C2 which together with a resistor R2 
forms an integrating member which integrates the output voltage of the amplifier 9 during the closing time 
of the switch S2. The charging voltage of the capacitor C2 reached after the opening of the switch S2 is 
available until the next closing of the switch S2 at the output of the sample and hold circuit 11 which can also 

60 be followed by an impedance transformer likewise not illustrated. 60 
The outputs of the two sample and hold circuits 10, 11 are connected to the two inputs of a subtracting 
circuit 12 which furnishes at the output 13 a signal U a which corresponds to the difference between the 
sampling values stored in the sample and hold circuits 10, 1 1, The output signal U a forms the measured 
value signal which is a measure of the mean flow rate in the tube 1. 

65 Also connected to the output of the amplifier 9 is the inverting input of an operational amplifier 1 4 whose 65 
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non-inverting input, which serves as reference input, is applied to ground. Connected to the output of the 
operational amplifier 14 is a further sample and hold circuit 1 5 which contains a switch S3, a storage 
capacitor C3 and a resistor R3. The switch S3 is actuated by a control signal furnished by the output 6d of the 
control circuit 6. The output of the sample and hold circuit 15 is connected to the second input of the 

5 summation circuit 8. , .... 5 

The diagrams A, B, C, D, E, F, G of Figure 2 show the time variation'of signals which occur at the circuit 
points of Figure 1 indicated with the same letters. 

In Figure 2 the duration T M of a complete measuring cycle, which is equal to a period of the alternating 
magnetic field produced by the coil 2, is divided into six equal portions I, II, III, IV, V, VI which start at the 

10 instants to, t„ t 2 , t* t«, tj. The portion VI ends at the instant T„ which coincides with the starting instant U, of i o 
the next measuring cycle. In corresponding manner the portions of this next measuring cycle are designated 
byl'.ll'.IHMV'.V'.VI'andtheirendinstantsbytiM^^a'.V.Vrte'. 

The diagrams A, B, C, D show the control signals emitted by the control circuit 6 which assume either the 
signal value 1 or the signal value 0. With the control signals B, C, D applied to the switches S1 , S2, S3 the 

15 signal value 1 signifies the closing of theswitch, i.e. the sampling phase, and the signal value 0 the opening 15 

of the switch, i.e. the hold phase. ...... ...... , 1 

The control signal A supplied to the coil control circuit 5 has during the time periods I, II, III the signal value 

I and during the time periods IV, V, VI the signal value 0. The coil control circuit 5 is so constructed that for 
the signal value 1 of the control signal it sends a direct current of constant magnitude in the one direction 

20 and forthe signal value 0 of the control signal a direct current of the same magnitude but opposite direction 20 
through the magnetic field coil 2. The coil control circuit 5 includes a current regulator which adjusts the 
current for any polarity to the same constant value +l m or -l m . The variation of the currentflow.ng through 
the magnetic field coil 2 is illustrated in diagram E. Due to the inductance of the magnetic field coil after each 
reversal the current reaches the constant value l m of opposite polarity only with a certain delay. In the 

25 diagram E it is assumed that with the reversal initiated at the instant to from negative to positive value the 25 
regulated positive value +l m is reached for the time period I so that forthe entire duration of the time periods 

II and III the current value +l m exists. Correspondingly, with the reversal initiated at the instant t 3 from the 
positive to the negative value the constant negative value -l m is reached within the time period IV so that the 
current value -l m exists forthe entire duration of the periods V and VI. 

30 The magnetic field H exhibits the same variation with time as the current I. 30 
The switch S1 of the sample and hold circuit 10 is closed by the control signal B in each measuring cycle 
forthe duration of the period II. The sample and hold circuit 10 thus samples the output voltage of the 
amplifier 9 in the middle third of the positive partial period of the magneticfield H and stores the sampling 
value integrated over this period. . 

35 The switch S2 of the sample and hold circuit 1 1 is closed by the control signal C in each measuring cycle 35 
for the duration of the period V so that the sample and hold circuit 1 1 samples the output voltage of the 
amplified in the middle third of the negative partial period of the magneticfield H and stores the sampling 
value integrated over this period. . 
The switch S3 of the sample and hold circuit 1 5 is closed by the control signal D in each measuring cycle 

40 for the duration of the periods III and VI, i.e. immediately following the sampling time intervals defined by the 40 
closure of the switches S1 and S2. When the switch S3 is closed a closed-loop control circuit ex.sts from the 
output of the amplifiers via the operational amplifier 14, the sample and hold circuit 15 and the summation 
circuit 8 to the input of the amplifier 9. This control circuit brings the voltage at the inverting input of the 
operationalamplifier14,i.e.theoutputvoltageoftheamplifier9,tothereferencepotentialatthe 

45 non-inverting input, i.e. ground potential. Thus, the output of the sample and hold circuit 15 assumes in each 45 
compensation time interval defined by the closure of the switch S3, i.e. in each period I I and VI of each 
measuring cycle, a compensation voltage U k which is oppositely equal to the signal voltage U, 
simultaneously applied to the other input of the summation circuit 8 and furnished by the output of the 
differential amplifier 7 so that the output voltag of the summation circuit 8 and thus also the output voltage 

50 of the amplifier 9 is rendered zero. Afterthe opening of the switch S3, i.e. in the hold phase of the sample and 50 
hold circuit 15, the compensation voltage U„ remains at the output of the sample and hold circuit 15 and said 
stored compensation voltage U k is added in the summation circuit 8 continuously to the particular signal 

V °The diagram F shows the time variation of the signal voltage U»at the output of the differential ampli- 
55 depends on the flow rate in the tube 1 andthefieldstrengthofthemagneticfieldH.Themeasur.ngvoltage 55 
U M is superimposed on an interference DC voltage U 8 which is due in particular to the different 
electrochemical equilibrium potentials. The interference DC voltage U s is not constant in time but mcreases 
and in the course of the measurement can reach values which may be e thousand times the measuring 
voltage U M . To simplify the illustration and description it is assumed in the diagram F that the interference 
60 DC voltage U s at the instantto has the value Ugno and rises linearly; the increase of the interference DC 60 
voltage in each interval is designated by AU S . 
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Thus, for example, the signal voltage U f has at the instant t 2 the value: 

Uf/t2 = Us/t2 + Um/12 

5 and the instant t s the value: 5 

The compensation voltage U k has in each compensation time interval, i.e. in the periods III and VI of each 
10 measuring cycle, the same magnitude as the signal voltage U f but the opposite sign and it retains the value 10 
which it has reached at the end of each compensation time interval, i.e. at the instants ^ and t* until the start 
of the next compensation time interval. 

The diagram G shows the voltage U g at the output of the summation circuit 8: 

15 U g = U f +U k . 15 

The output voltage of the amplifier 9 differs from the voltage U g only by the gain v; it thus has the same time 
variation but the value v.U g . 
Due to the compensation effect of the control loop outlined above the voltage U g in the period III has the 
20 value zero. At the instant t 3 the compensation voltage U k has reached the following value: 20 

Uk/t3 = — Uf /t 3 = — (Us/t3 + Uiwta) 

At the instant t 3 the resersal of the magnetic field takes place so that the measuring voltage U M rapidly 
25 changes to the value corresponding to the negative magnetic field. On the other hand, the interference DC 25 
voltage U s is not influenced by the reversal of the magnetic field. The value Usra of the interference voltage 
reached at the instant t 3 is compensated to zero by the interference voltage portion -Usra contained in the 
stored compensation voltage U k during the periods IV and V. In the output voltage U g of the summation 
circuit 8 only the stored measuring voltage portion -Um/q of the compensation voltage appears and now has 
30 the same sign as the measuring voltage portion -U M in the signal voltage U f and is added to the latter. On 30 
this sum voltage the uncompensated part of the interference voltage is superimposed, i.e. an interference 
voltage portion which at the instant t 3 has the value zero and rises linearly from this value in the positive 
direction. 

Thus, the voltage U g has at the instant ts the following value: 



35 



40 



= (Usas ~ Uw/tg) - (Us/* + Uwfts) 

= (U S /t 5 -U M ^)-(Us;t3 + U rvVt5 ) 



35 



40 



The term {Vsns - Us/ts) corresponds to the increase in the interference DC voltage during the periods IV 
45 and V, i.e. with the previously assumed linear rise has the value 2 AU S . 

The term (U^ + Um^s) is the sum of the measuring voltages at the instants t 3 and ts. The output voltage 
v.Ug of the amplifier 9, which in the period V is sampled by the sample and hold circuit 1 1 for recovering the 
integrated sampling value U 11f thus contains the sum of two measuring voltage values, one of which was 
obtained and stored in the sample and hold circuit 15 in the period III during the previous positive partial 
50 period of the magnetic field H whilst the second measuring voltage value is contained in the signal voltage 
U f in the period V of the current negative partial period of the magnetic field. 

If it is assumed that the flow rate in the tube 1 remains constant for the duration of the measuring cyclethe 
two measuring voltage values U^ and Umks are of equal magnitude so that: 

55 Um/13 = Um/is = U M - 

The voltage U g at the instant ts is then 



U gft5 = 2AU 8 -2U M 



5 



GB 2 084 740 A 5 



10 



15 



In the period VI the voltage U 0 is again brought to zero. At the instant t* the compensation voltage U k has 
assumed the following value: 

Uic/te = -Uf/te = -(Us/te - Um/ib). ^ 
For the voltage U fl at the instant t 2 , the following relationship then applies: 

Ug/t2f ° U(/t2, + Uic/te 

= Usrt2, + UM/t2f ~ (Us/t6 - UM/ts) 

= (Us/t2, - Us/ie) + (Umab + U M/l2,) 



30 



35 



40 



45 



10 



15 



20 



The corresponding amplified output voltage of the amplifier 9 is sampled in the penod II by the sample 
and hold circuit 1 0 to obtain the integrated sampling value U 10 . It again contains two measuring voltage 
values, i.e. the value obtained and stored in the sample and hold circuit 15 in the period VI of the preceding 
measuring cycle and the value contained in the period II' in the signal voltage U f . 
20 Under the conditions defined above: 

= 2 U s + 2 U M . 

If for simplification the integrated sampling values U 10 and U„ stored in ft 1 ^ 25 
25 and 1 1 are made equal to the previously observed instantaneous values after amplification in the amplifier 9 25 
the following relationship applies: _ 



30 



35 



40 



U 10 = v(2AU s + 2U M ) 
U ni = v(2AU s -2U M ) 

Afterforming the difference in the subtraction circuit 12 the output voltage obtained is 

U a = U 10 - Un = v (2 AU S + 2 U M ) - v (2 AU S - 2 U M ) 
U a =v.4U M . 

Thus, in the output voltage U a apart from the absolute interference DC voltage the interference voltage 
drift is also completely eliminated if it is assumed to be linear. The useful signal corresponds to four times 

th ftSfSrther apparennhat the measuring voltages contained in the output signal have been obtained by 45 
integration in the four periods III, V, VI and II'. This corresponds to a *9 na,ob ^ 
time i.e. practically the entire time for which the magnetic field can be considered constant. Only the times 
of the magnetic field change due to the reversal are excluded from the signal observation. 
It is further apparent that the absolute interference DC voltage is kept away from the amplifier 9 which 
50 apart from the measuring voltage need only process the relatively small interference ™^{*^* 

between two compensation time intervals. The amplifier 9 may thus have a large gam without any danger of 

within the period in which the magnetic field is switched on and has its constant value and m w Ich ^a so the 

55 previous sampling time inte^ 

the interference DC voltage to be compensated also a measuring voltage portion which is utilised in the next 
^SS^f^ ^recover the useful signal. An advantage of this method is ^^^^ 
no magnetic field interruptions in which the magnetic field is zero are n*^^*r^m|^on^ 
thus particularly suitable in conjunction with a simple reversal of the magnetic ™ d >^ 60 

60 values. The method is however not restricted to this case; it may readily also be used if magnetic field 60 
interruptions are provided for other reasons. . , rme 

The division previously described of each half period into three equal periods of time, one of which forms 
the sampling time interval and anotherthe compensation time interval, is of course only an "W*- 
Depending on the time variation of the magneticfield a different division may also be used t i«|so not 

65 essential for the sampling time interval and the compensation time interval to follow each other without a 
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gap. However, generally the aim will be to utilise the available time in which the magnetic field has its 
constant value as completely as possible for signal observation. 

As apparent from the above description the switch S1 is closed in each case in the period II of each 
measuring cycle in whicha the current in the magnetic field coil 2 has the constant positive value +l m . If it is 
5 assumed that the interference DC voltage does not change and also the flow rate remains constant, the 5 
voltage U g also has the same constant value in each period II. For the sample and hold circuit 10 the effect is 
as if a constant DC voltage sampled by the closing of the switch SI is applied to the input. If the flow rate 
changes this has the effect for the sample and hold circuit 1 0 of a variation with time of the DC voltage 
apparently applied to the input 
10 The same applies to the sample and hold circuit 11 with the difference that the DC voltage apparently 10 
present and sampled in the period V of each measuring cycle by closing of the switch S2 has a different 
value. 

Figure 3 shows how this situation affects the formation of the stored sampling values in the sample and 
. hold circuit 1 0 with rapid flow changes. 
1 5 The diagram V of Figure 3 shows the flow velocity V in the tube 1 . The case is shown where the flow is 1 5 
suddenly switched on at the instant to so that the flow velocity V changes very rapidly from the value 0 to the 
constant value V 0 . 

The diagram G of Figure 3 shows for the first four measuring cycles T M1 , T M2 , T M 3, T M4 following the instant 
to, corresponding to the diagram G of Figure 2, the output value v.U g of the amplifier 9 which is also the input 
20 voltage of the sample and hold circuit 1 0. Only the positive voltage pulses are shown because only these are 20 
evaluated by the sample and hold circuit 10. Furthermore, the voltage v.U B is shown for the simplified case in 
which the interference DC voltage does not change and the flow velocity in the tube 1 remains constant after 
reaching the value V 0 . The positive voltage pulses of the voltage v.U g thus reach in the successive measuring 
cycles in each case the same amplitidue value v.U g0 , which corresponds to the flow velocity V 0 and is 
25 constant for the entire duration of the sampling period II in each measuring cycle. 25 
On the other hand, in the measuring cycles lying before the instant t 0 the voltage v.U g always has the value 

0. 

The diagram B of Figure 3 corresponds to the diagram B of Figure 2. It shows the control signal B which is 
furnished by the output 6b of the control circuit 6 and closes the switch SI for the duration of the period II in 
30 each measuring cycle T M . The control signal B thus defines the sampling time intervals of the sample and 30 
hold circuit 10. 

Since during each sampling time interval after the instant t 0 the same constant voltage is present at the 
input of the sample and hold circuit 1 0 the latter behaves as if its input voltage were a constant DC voltage 
v.U g o which is equal to the amplitude value of the positive voltage pulses of the voltage v.U g as indicated in 
35 the diagram G of Figure 3 by a dashed line. 35 

The diagram H of Figure 3 shows the voltage U c at the terminals of the capacitor C1 in the sample and hold 
circuit 10. At the instant to the voltage U c has the value zero. 

On the first closure of the switch S1 in the period II of the measuring cycle T M1 the voltage U c rises 
corresponding to the time constant of the RC member R1, C1 approximately linearly. In reality, the voltage 
40 rise is in known manner corresponding to an exponential function. 40 

When the switch Si is opened at the end of the period II of the measuring cycl e T M i the voltage U c retains 
unchanged the last value reached until the switch S1 is again closed at the start of the period II in the next 
measuring cycle T M 2- The voltage U c then again rises but with a somewhat lesser slope corresponding to the 
next portion of the exponential function. 
45 The same process is repeated in the following measuring cycles until finally the voltage U c has reached the 45 
full value of the DC voltage amplitude v.U g0 . For simplification, it is assumed in Figure 3 that this condition is 
already reached in the fourth measuring cycle T M 4- For this instant on the terminal voltage U c of the capacitor 
CI no longer changes if the amplitude of the positive pulses of the voltage v.U g remains unchanged. 

The diagram J of Figure 3 shows the output voltage U 10 of the sample and hold circuit 10. Each time the 
50 switch SI is closed there is a direct connection between the input and output so that the input voltage 50 
appears unchanged at the output. This is because the resistor R1 is not in the longitudinal branch but in the 
transverse branch in series with the capacitor CI . 

When the switch S1 is opened the full terminal voltage U c of the capacitor CI is at the output of the sample 
and hold circuit As already mentioned, a high-value impedance transformer, not illustrated, is connected 
55 after the output of the sample and hold circuit 10 in the usual manner and prevents the capacitor CI 55 
discharging in the pauses between the sampling time intervals. Since therefore in the sampling pauses no 
current flows through the resistor R1 there is no voltage drop at said resistor and consequently the voltage 
stored in the capacitor C1 appears fully at the output and remains unchanged until the next sampling time 
interval. 

60 The same mode of operation results also for the sample and hold circuit 1 1 with the negative voltage 60 

pulses of the voltage v.U g . 
As in the diagram J of Figure 3 shows the output voltage of this sample and hold circuit follows a rapid 

change of the flow rate only with a considerable delay extending over several measuring cycles. 

Corresponding delays also of course arise when an already existing flow velocity is suddenly increased or 
65 reduced. The long rise and drop times due to the delay before reaching the stationary operating condition 65 
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are in many uses very undesirable and even inadmissible, in particular in control and regulating operation in 
chemical process technology. _ . 

Figure 4 shows a preferred embodiment of the arrangement of Figure 1 in which the long rise time is 

5 6l The arrangement of Figure 4 differs from that of Figure 1 only in that in each sample and hold circuit 1 0, 1 1 5 
a switch S4 and S5 respectively is connected in parallel with the resistor R1 and R2 respectively. The switch 
S4 is controlled by a control signal K which is furnished by the control circuit 6 at a further output 6e and the 
switch S5 is controlled by a control signal L which comes from an output 6f of the control circuit 6. 
Furthermore,theresistorR3inthesampleandholdcircuit15isomitted. 
10 Theremaining partsof the arrangement of Rgure 4 are unchanged compared with the arrangement of 10 
Figure 1; they are designated by the same reference numerals as in Figure 1. 

The mode of operation of the arrangement of Figure 4 will be described with the aid of the diagrams K, M 
andNof Figure3forthesampleandholdcircuit10. 
The diagram K of Rgure 3 shows the control signal K which actuates the switch S4. It comprises short 
1 5 pulses which start simultaneously with the pulses of the control signal B but have a shorter duration than the 15 
latter. The switch S4 is thus closed simultaneously with the switch SI but is reopened again shortly 
thereafter whilst the switch SI remains closed. ._..-„, , • n«j.„ 

By the closure of the switch S4the resistor R1 is short-circuited so that the full input voltage is appl.ec I to 
the capacitor C1 . The sample and hold circuit 10 operates in this condition as a genuine sample and hold 
20 whichsamplesandstorestheinstantaneousvalueofanappliedvoltage. 20 
The diagrams M and N of Figure 3 show howthis step affects the terminal voltage U c of the capacitor C, 
and the output voltage U 10 of the sample end hold circuit 10 when a rap.d flow change takes place When the 
switches S1 and S4 are closed at the start of the period II in the measuring cycle Tmi the capacitor CI 
immediately charges to the full input voltage. It retains this voltage after the opening of the switch S4 if the 
25 inputvoltagedoesnotchangeduringtheremainingclosuretimeoftheswitchSI. 25 
AsbTr^heoutputvoltageU^duringtheclosuretimeoftheswitchSlisequaltotheinp^ 
afterthe opening of the switch S1 is equal to the capacitor voltage Uc Since the capacitor voltage U w 
however, is equal to the full input voltage from the first measuring cycle onwards said voltage also remains 
afterthe opening of the switch S1 at the output of the sample and hold circuit 10. The stationary operating 
30 condition thus arises already in the first measuring cycle afterthe flow change. The circu.t of Figure 4 thus 30 
indicates rapid changes of the flow velocity with very little delay. x a „ intarfflrttnro Ar 

With the aid of the diagrams of Figure 5 it will be explained how the superimposing of an interference AC 
voltage affects the sampling of the measuring voltage in the arrangement of Figure 4. Such .nterference AC 
voltages are produced in particular by stray currents originating from the general AC mams. They thus have 
35 the mains frequency but any phase position. 

The diagram P ofFigure 5 showssuch an interference AC voltage U w in the course of the two first ^time 
periodsland II ofameasuring cycle fortwo different cases, that is in the left hall of the diagram for the case 
where interference AC voltage U w has a phase displacement 0° with respect to the starting instant to of the 
measuring cycle and in the right half forthe case that the phase displacement is 80». Of course, any other 
40 phase displacements are possible. As example, it is assumed that the duration of each time period is equal to 40 
the period of the interference AC voltage U w , i.e. 20 ms for a 50 Hz network. 

As in Figure 3 the diagram B of Figure 5 represents the control signal actuating the switch S1 and the 
diagram K the control signal actuating the switch S4. frt ,«in.<.rf«ron™ir 
The diagram Q shows the modification of the voltage v.U g due to the superimposing of the interference AC 
45 voltage U„for both cases, and for simplification the linear change of the interference DC voltage has again 45 

b8 The d Sram Sfshows the change of the terminal voltage U c of the capacitor CI in the course of the 
sampling time interval which is defined by the closure time of the switch S1 time interval B 
On closure of the two switches S1 and S4 at the instantt, the capacitor voltage U e immediately changesto 
50 the instantaneous value of the input voltage v.U g , both in the first measuring cycle when the capacitor 50 
vdtageWs previously zero and in stationary operation when in the capacitor C1 a voltage of the preceding 

samplinq operation is stored, as illustrated in Figure 5. 

Sg the closure time of the switch S4 (duration of the pulse K) the capacitor voltage U c follows without 
delay the input voltage v.U fl . In this time interval a pure instantaneous value sampling takes place by the ^ 

55 sample and hold principle. ... !• «rf..«.*»kct*« 

On the other hand, afterthe opening of the switch S4 in the remaining closure time of the switch SI the 
capacitor voltage U 6 follows the input voltage v.U g only with a smoothing due to the «C member m, CI or 
toSuaZscaused by the superimposed interference AC voltage. The amplitude ofthe fluctuations is 

60 60 
inmecapacitorCluntilthenextsamplingopera^ 

circuit 10 as output voltage U, 0 . This stored capacitor voltage includes apart from the sampled measunng 
voltage an interference AC voltage remainder AU W which depends not only on the ampiitudertthe 
interference AC voltage but also on its phase relation with respect to the sampling time interval. The two 
65 curves of diagram R shows that under otherwise equal conditions the interference AC voltage remainders 
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AU W are different for the two assumed phase relations of 0° and 1 80°. 

However, due to the smoothing effected by the RC member even in the most unfavourable case the 
interference 

The interference AC voltage remainder does not impair the measuring accuracy if it is insured that in the 
5 sampling of the negative voltage pulses as well in the sample and hold circuit 1 1 an interference AC voltage 5 
remainder of the same magnitude with the same sign is obtained. The interference AC voltage remainders 
then cancel themselves out when the difference is formed in the subtraction circuit 12. 

This condition is obviously fulfilled when the sampling time intervals (closure times of the switches S1 , S4 
and of the switches S2, S5) in the two sample and hold circuits 10 and 1 1 are of the same magnitude and 
10 when the interference AC voltage has the same phase relation with respect to these sampling time intervals. 10 
The difference formation also removes interference AC voltage portions which are contained in the 
compensation voltage which is formed and stored in the sample and hold circuit 15 (Figures 1 and 4) of the 
compensation circuit if it is again ensured that the interference AC voltage components occur in the 
successive compensation time intervals with the same magnitude and with the same sign. This condition is 
15 fulfilled if the successive compensation time intervals (closure times of the switch S3) are of the same 15 
duration and have the same phase relation with respect to the interference AC voltage. Furthermore, as 
before of course the time intervals between each compensation time interval and the next sampling time 
interval must be of the same magnitude. On the other hand, it is not necessary for the duration of the 
compensation time intervals to be equal to the duration of the sampling time intervals. 
20 The sample and hold circuit 15 in the compensation circuit (Figures 1 and 4) can be made basically in the 20 
same manner as the sample and hold circuit 1 0 and 1 1 ; thus, in the case of Figure 4 they could also be 
equipped with an additional switch which bridges the resistor R3 in the first part of each compensation time 
interval. However, it is simpler to omit the resistor R3 entirely, as illustrated in Figure 4, so that the sample 
and hold circuit 15 acts as pure instanteneous value storage (sample and hold) for the entire compensation 
25 time interval. This embodiment is particularly suitable for the case where the compensation time interval is 25 
very short as will be explained hereinafter with the aid of Figure 6. 

To obtain the same phase relation it suffices to bring the start of each sampling time interval and each 
compensation time interval into a predetermined phase relationship to the mains AC voltage, for example to 
initiate the sampling operation in each case on a zero passage of the mains AC voltage. Admittedly, the 
30 phase of the interference AC voltage produced by stray currents may be in any relationship to the mains AC 30 
voltage and is not predictable; it may however be assumed that this phase relationship remains constant for 
relatively long periods of time. 

On the other hand, because of the unpredictable phase relation of the interference AC voltage it is not 
possible to remove with certainty the interference AC voltage remainder by a certain dimensioning of the 
35 duration of the sampling operation. Even if the sampling time interval is made equal to the period of the 35 
interference AC voltage or equal to a multiple thereof, with unfavourable phase relation the interference AC 
voltage remainder can reach its maximum. 

The previously outlined removal of the interference AC voltage remainder by the difference formation thus 
gives complete freedom in the choice of the sampling times provided the previously indicated conditions of 
40 equal duration and equal phase relation with respect to the AC mains voltage are observed. 40 
As example, in Figure 6 in a manner corresponding to Figure 2 the signal diagrams are illustrated for an 
example of embodiment in which the frequency of the field reversal in the magnetic field core 2 is equal to 
half the frequency of the interference AC voltage so that in each case one sampling time interval and one 
compensation time interval lie in a period of the interference AC voltage. 
45 Like the corresponding diagrams of Figure 2 the diagrams A, B, C, D, E of Figure 6 show the various control 45 
signals furnished by the control circuit 6 and the time variation of the coil current I. 
The diagram P represents, as in Figure 5 the interference AC voltage U w with a random phase relation. 
To indicate the versatile possibilities of the steps described by the sampling time intervals (diagrams B and 
C) are furthermore substantially longer than the compensation time intervals (diagram D). As a result the 
50 greatest possible time is utilized for the signal sampling. 50 
However, the following conditions are observed: 

1. The duration of the sampling time intervals in the sample and hold circuit 10 (diagram B) is equal to the 
duration of the sampling time intervals in the sample and hold circuit 1 1 (diagram C). 

2. Ail the sampling time intervals (diagrams B and C) have the same phase relation with respect to the AC 

55 interference voltage (diagram P). 55 

3. All the compensation time intervals (diagram D) have the same duration. 

4. All the compensation time intervals have the same phase relation with respect to the interference 
voltage. 

5. The time intervals between each compensation time interval and the next sampling time intervals are of 

60 equal magnitude. 60 
On the other hand, there is no definite relationship between the duration of the sampling time intervals or 
the compensation time intervals in the period of the interference AC voltage. 

The control signals for actuating the switches S4 and S5 have been omitted in Figure 6 for simplification; 
they lie of course again in each case in the initial part of the control signals B and C respectively. 
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CLAIMS 

1 . A method of compensating the interference DC voltages in the electrode circuit in magnetic- 
conductive flow measurement with periodically reversed DC magnetic field in which the useful signal is 

5 obtained by sampling and storing the signal voltage after each reversal of the magnetic field at opposite 5 
polarity values of said magnetic field during a sampling time interval and forming the difference of the 
stored sample values, and wherein in a compensating time interval following each sampling time interval a 
compensation voltage is produced by sampling and storing the signal voltage, which compensation voltage 
is superimposed oppositely on the signal voltage for compensating the signal voltage within the 
10 compensation time interval zero and is retained until the next compensation time interval, wherein each 10 
compensation time interval lies within the time interval, corresponding to the switched-on magnetic field, in 
which also the preceding sampling time interval lies. 

2. A method as defined in claim 1 wherein the compensation time interval immediately follows the 
sampling time interval. 

15 3. A method as defined in claim 2 wherein the sampling time interval and the compensation time interval 1 5 
together cover substantially the entire time in which the magnetic field has its constant value. 

4. A method as defined in claim 2 or 3 wherein the sampling time interval and the compensation time 
interval are of equal magnitude. 

5. A method as defined in claim 2 or 3 wherein the sampling time interval is greater than the 

20 compensation time interval. 20 

6. A method as defined in any one of claims 1 to 5 wherein at! the sampling time intervals have the same 
duration and the start of each sampling time interval is in a fixed phase relationship to an interference AC 
voltage which is the same for all the sampling time intervals. 

7. A method as defined in claim 6 wherein the duration of each sampling time interval is different from 

25 the period of the interference AC voltage or different from a multiple of said period. 25 

8. A method as defined in any one of claims 1 to 7 wherein ail the compensation time intervals have the 
same duration and the start of each compensation time interval is in a fixed phase relationship to an 
interference AC voltage which is the same for all the compensation time intervals. 

9. A method as defined in claim 8 wherein the duration of each compensation time interval is different 

30 from a period of the interference Ac voltage or from a mulitple of said period. 30 

1 0. A method as defined in any one of claims 1 to 9 wherein the sampled signal voltage in each sampling 
time interval to form the stored sampling value is applied to an integrating storage member. 

11. A method wherein at the start of each sampling time interval for a brief time an instantaneous value 
sampling and holding of the signal voltage takes place without integration and the sampled signal voltage is 

35 applied only in the remaining part of the sampling time interval to the integrating storage member. 35 

12. An arrangement for carrying out the method as defined in claim 11 for the inductive flow 
measurement of an electrically conductive liquid flowing in a conduit, comprising a magnetic field generator 
which generates a periodically reversed magneticfield passing through the conduit perpendicularly to the 
flow direction, two electrodes which are disposed in the conduit and are connected to the inputs of a 

40 measuring amplifier, sample and hold circuits which are connected to the output of the measuring amplifier 40 
and controlled by the control means in such a manner that they sample the output voltage of the measuring 
amplifier for equal induction values of opposite sign and store the sampling values until the next sampling, a 
circuit for forming the difference of the stored sampling values and a storing control circuit which is disposed 
in a closed loop between the output and the input of the measuring amplifier and which in each 

45 compensation time interval is connected to the output of the measuring amplifier, forms a compensation 45 
voltage value regulating the output voltage of the measuring amplifier to the value zero and maintains said 
compensation value until the next compensation time interval, wherein each sample and hold circuit 
includes an integrating RC member to which the signal voltage is applied via a switch closed for the duration 
of the associated sampling time intervals, and there is connected in parallel with the resistor of each RC 

50 member a switch which is briefly closed at the start of each of the associated sampling time intervals. 50 
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